The aim of the paper is to evaluate the market concentration in the Czech food and beverages industry over the period of 2003-2014, to quantify disparities among particular sectors and to investigate the trend of market concentration. The concept of convergence is applied when investigating the trend in the long term. The market concentration in the Czech food and beverages industry has increased on average. In sectors with relatively low market concentration in 2003, the values of concentration increased more rapidly after 2003. On the contrary, the most concentrated sectors tend to change slowly over time and the concentration in some sectors even declined. On the basis of the absolute β-convergence model estimation, it was concluded that there is a trend for convergence of the market concentration in the long run to one and the same point for all sectors of the industry.
Introduction
Agribusiness sector is undergoing significant changes -changes in market structures on agribusiness markets, in geographic location of production and processing, changes in characteristics of agricultural and food products, in global distribution and consumption and changes in technologies. These changes have impact on the increase in concentration in the food processing sector (Rogers, 2001 ) and primarily in the retail sector (McCorriston, 2002; Reardon et al., 2003) , on the increasing emphasis on product quality and food safety (Saitone and Sexton, 2010) and on the rapid growth of vertical coordination and integration (MacDonald and Korb, 2011; Swinnen and Maertens, 2007) .
At present, the key players on the food markets are multinational corporations. As reported by Daniels (2008) , the structure and quality of food produced is determined by supermarkets and other transnational actors, often organized into large corporations, which currently can easier succeed in the competition, pricing policies and legislation regarding food quality and safety than small local enterprises. Implications of these features on the changing patterns of competition and the impact on food producers, supplier competition and economic welfare are discussed by many authors, e.g. Dobson The recent literature states that concentration and consolidation takes place in both food processing industry and retailing sector through mergers and acquisitions (Dobson et al., 2003; Swinnen and Vandeplas, 2010) ; where large food companies are also increasingly spreading globally through foreign direct investments, which contributes to increased concentration outside their home markets, as mentioned by Clarke et al. (2002) .
The market concentration is of interest to economists in the long-term due to its possible effects on the efficiency and welfare of the economy. There are arguments supporting the positive impact of high concentration on the efficiency of the firms in the market, and on the other hand, arguments against the high concentration exist as well.
Basic economic theory suggests that high market concentration will lead to market power and thus inefficiencies, since the possible existence of market power of large enterprises may lead to lower competition, higher prices and cause welfare losses. Swinnen and Vandeplas (2010) even used the term "double market power" for the situation -when companies in concentrated sectors use their buyer power to negotiate lower prices from suppliers, but also use their selling power toward customers or downstream industries to impose higher customer prices than in the competitive case. However, as some authors argue, higher market concentration does not necessarily mean high market power and the abuse of this power, and on the contrary, it may improve welfare (e.g. Clarke et al., 2002; Shervani et al., 2007) . Higher concentration means the use of economies of scale in the production of a single product and the economies of scope in the production of multiple products, which has a positive effect on costs of the firms. A certain degree of concentration may be also necessary for investments in research and innovation. Moreover, the effect of concentration on efficiency and prices depends on the rest of the commodity vertical -for example, retail concentration may lead to lower consumer prices due to higher buyer power and better bargaining position of retail towards suppliers, which occurred in the Czech Republic after the entry of multinational retail chains into the Czech market and resulted in a beneficial situation for end consumers with regard to lower price and increased variety of food (Blažková and Chmelíková, 2014) .
As stated by Sexton (2012) , farmer and consumer welfare as well as the general welfare are linked to the competitive structure in the upand downstream areas of agriculture. Boehlje et al. (2011) emphasized that consolidation and alteration of vertical and horizontal limits of firms in food and agribusiness sector affect vast parts of the supply chain. There is evidence that large retailers and food companies are depressing farm prices as a result of their market power (Swinnen and Vandeplas, 2010) .
Therefore, increased concentration and market power caused the competition policy in agri-food chains to be an important issue.
Agribusiness firms in the Czech Republic are facing ongoing changes in competition and market conditions. While the decrease of the number of firms and the development of market concentration in the whole manufacturing industry and in the retail sector has been subjected to research (see e.g. Zemplinerová and Stibal, 1994; Dries et al., 2004) , the development of market concentration in the food industry seems to be less investigated (see e.g. Blažková and Chmelíková, 2014) . This paper deals with the trend of market concentration on the food processing market, which can have a significant influence on the development of relations and the price formation at different levels of the commodity verticals, as mentioned by Blažková and Chmelíková (2014) . The aim of the paper is to evaluate the market concentration in the Czech food and beverages industry, to quantify disparities among particular sectors of the food and beverages industry and to investigate the trend of market concentration. The question that should be answered when concerning the evolution of the market concentration on the Czech food and beverages market is whether the dispersion of this variable across particular sectors tends to decrease over time. Or, in other words, whether sectors with lower market concentration tend to catch up with sectors with higher market concentration. The concepts of convergence implicit in these questions are called σ-convergence and β-convergence (Sala-i-Martin, 1996). Although these concepts are primarily used and applied in determination of the convergence of per-capita income or product across countries or regions, in practice a number of other variables can enter a convergence model significantly (e.g. market concentration as presented in this paper).
While previous studies have looked at market concentration on selected markets in the Czech Republic, no study to my knowledge comprehensively investigated market structure measures within this important stage of the commodity vertical -food and beverages industry. Previous studies either focused on a single sector of the Czech food and beverages industry (e.g. Řezbová et al. (2015) focused on the sugar market or Čechura et al. (2015) examined dairy industry), or observed the whole manufacturing industry (e.g. Zemplinerová and Stibal, 1994) . Thus, the results of the analysis of market concentration development and trend in the Czech food and beverages industry can be seen as worthwhile. Describing and explaining the development of market concentration and its distribution across sectors could provide a view of the competitive situation in agribusiness, answer the questions about the possible evolution of the market structure in the future and therefore, provide some suggestions that can be of interest to policy makers with respect to competition and industrial policy.
Materials and methods

Data
The empirical analysis is based mainly on the data obtained from the database AlbertinaGold Edition (Bisnode, 2015 All firms with main activities in any official CZ-NACE food and beverages industry that had available data were considered.
The shares of observations by sectors in the sample with those in the population are compared in Table 1 to see whether the sample adequately represents the population of Czech food processing firms and that representation of observations is evenly distributed to all subsectors. The size distribution of the enterprises in the sample is shown in Table 2 that reports the average shares of observations in particular size groups of enterprises within the subsectors over the years [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Companies are classified in four size groups defined according to the number of persons employed -with 0-19, 20-49, 50-249 and 250 or more persons employed. It follows from Table 2 that representativeness of the sample is strengthened by including also small enterprises (with 0-19 persons employed) in the analysis (49.7% observations in the analysed sample), since they are in the food industry represented in large numbers.
In order to have information on total sales of own products and services for particular sectors, the data published by the Ministry [28]
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Variables
Market concentration was calculated in the Czech food and beverages industry as a whole and within the particular food sectors. Market concentration was expressed by two most common measures of concentration -the Concentration Ratio (hereinafter referred to as "CRm") and the Herfindahl-Hirschman Index (hereinafter referred to as "HHI"). To determine the market structure, it is advisable to use both indicators that complement each other -while CRm describes the market share of m largest companies in the industry, HHI shows the inequality of distribution of market shares among all firms in the industry.
The concentration ratio for four largest firms (CR4) in the whole Czech food processing industry and in particular subsectors was calculated as the percentage of market shares held by four largest firms in an industry (Viscusi et al., 2005) . The Herfindahl-Hirschman Index (HHI) was calculated as the sum of the squares of the market shares of the firms within the industry (Viscusi et al., 2005) , where the market shares are expressed as fractions. The formulas for the overall CR4 and HHI in the Czech food processing industry are as follows:
where S i denotes the individual market share, i.e. the percentage of the i-th firm in the Czech food processing industry calculated as the production of the i-th firm divided by the sum of production of all firms in the Czech food processing industry and n denotes number of firms in the industry, for which HHI is calculated.
The formulas for subsectoral CR4 and HHI are as follows:
where S ij denotes the individual market share, i.e. the percentage of the i-th firm in the j-th subsector of the Czech food processing industry calculated as the production of the i-th firm in the j-th subsector divided by the sum of production of all firms in the j-th subsector of the Czech food processing industry and n denotes number of firms in the j-th subsector, for which HHI is calculated.
In this paper, the market concentration was calculated on the basis of sales data, i.e. sales of own products and services, because this indicator seems to explain more about the market share than the output. For the concentration ratio it is valid that the higher CR4 is, the higher market power is concentrated among the four largest firms. The higher the HHI is, the higher the inequality among market shares of firms is, in other words, the situation is distinct from equal market shares. HHI index ranges from 0 (no concentration and highly competitive system) to 10,000 (pure monopoly). 
Methods
To assess the trend of market concentration in the markets for all sectors of the food and beverages industry in the Czech Republic, the theory of absolute β-convergence was used -as described by Sala-i-Martin (1996) and used e.g. by Setiawan et al. (2012) . Based on this theory it is investigated whether there is a tendency for the market concentration in the Czech food and beverages industry to move to a certain value. The absolute convergence model can assess whether there is a trend for the convergence of the market concentration in the long run to one and the same point for all sectors of the industry, i.e. whether there is a tendency towards the equalisation of concentration ratios within the sample. The assumption about the same stable state of particular sectors in the long run is relevant due to the fact that all sectors in the Czech economy face the same business characteristics at the same time.
The absolute β-convergence approach was verified by an econometric modelling technique, namely with the use of cross-sectional linear regression analysis. Cross-sectional regression is drawn by an effort find out whether the convergence process is present among particular sectors within the Czech food processing industry or there are more divergence tendencies. For the analysed sectors, annual time series of two indicators of market concentration were used -CR4 and HHI.
The absolute β-convergence model of cross-section data for the sectors is as follows:
1 According to the classification defined by the US Department of Justice and the Federal Trade Commission (2010), HHI lower than 100 means a highly competitive market, HHI ranging from 100 to 1,500 indicates an unconcentrated market with significant positions of several companies, the values of the HHI from 1,500 to 2,500 reveals significant market concentration (mostly monopolistic competition) and HHI above 2,500 indicates a highly concentrated market (mostly oligopoly). HHI close to 10,000 suggests a monopoly.
where j = 1, 2, …10 indexes sectors, t 0 is the initial year of observation, i.e. 2003, and t n is the last year of observation, i.e. 2014. MS t j is the market structure of the sector j in the period t, which is represented by either CR4 or by HHI. The parameters of the linear regression model of the cross-section data are estimated using the least-squares method (OLS). According to the theory of absolute convergence, sectors show convergence in market structure if the estimated coefficient of β 1 is positive. Statistical data, calculations and graphs were processed with the use of the software Gretl. Statistical significance of the model was tested using the F-test. Individual model parameters were tested by the t-test. Model (for both CR4 and HHI) as a whole is statistically significant at 5% level of significance. The econometric verification included the White Heteroskedasticity test and Jarque-Bera test of residuals normality. No multicolinearity was detected. At the 5% level of statistical significance the model can be considered homoscedastic and normal distribution of residuals is observed.
Results and discussion
The general concentration in the Czech food and beverages industry in the period 2003-2014 grew (see Table 4 Bečvářová (2007) . According to Bečvářová (2007) , the positive impact of an imperfectly competitive environment on the consumer surplus due to the savings from a large-scale production and higher work productivity based on the modernization of production facilities and faster application of the results of research and development in large enterprises was observed on the markets of transitive economic systems such as the Czech Republic.
Based on the analysis, it can be concluded that the concentration process is different depending on the sector (see Table 5 ). The box-andwhisker diagrams in Figures 1, 2, 3 and 4 depict the subsectoral CR4, resp. HHI, distribution across time (see Figure 1 , resp. 2) and CR4, resp. HHI, distribution across subsectors in the period 2004-2014 (see Figure 3 , resp. 4). The bottom and top of the box represent the first and third quartiles, the band inside the box is the median, and the ends of the whiskers represent the minimum and maximum of the data.
The degree of dispersion of the values of CR4 indicator among sectors within particular years is relatively stable (see Figure 1) , in the case of HHI the dispersion among sectors is slowly increasing in the recent years (see Figure 2) . The outlier, which can be seen in both Figures 1 and 2 , is the sector of manufacture of vegetable and animal oils and fats (CZ-NACE 104), which is highly concentrated in the whole observed period (the indicator CR4 was 92.53% in 2014) -on the Czech market there are only a few large enterprises. [31] Table 7 . On the contrary, from Table 8 it is obvious that the most concentrated sectors tend to change slowly over time and the concentration in some sector even declined -namely in the sector of bakery products (CZ-NACE 107) and in the sector of manufacture of other food products (CZ-NACE 108).
Convergence of Market Concentration: Evidence from Czech Food Processing Sectors
The analysis has shown that the average growth rate of market concentration in the observed period was higher among less concentrated sectors in the initial period compared to more concentrated sectors in the initial period, where there was only a slight increase or even decrease in the level of concentration. 
Conclusions
The Nevertheless, the level of concentration of the Czech food market is still low in comparison with the subsequent stage of the commodity chain, i.e. retail, which may cause a worse market position of food processors and disproportions in profits of processors and traders. Therefore, increasing concentration on the food processing market may help processors to better face the concentrated retail and to have better bargaining position when negotiating prices. On the contrary, the processors' higher market power due to the increased market concentration may lead to the abuse of this market power relative to farmers, e.g. downward pressure on prices of agricultural producers, which can negatively influence the Czech agriculture.
As mentioned by Swinnen and Maertens (2007) , farmers may benefit from competition between processing firms due to more equal rent sharing reflected in higher producer prices and more services to farmers. Since the food industry is an important part of the commodity vertical with significant influence on the performance and competitiveness of the Czech agriculture, policies should be designed for development of a market structure to promote competition.
The development of the market structure at particular stages of the commodity chain influences the formation of all price levels within the chain and has an impact on all participants in the production of food products -suppliers of raw materials for food production, food manufacturers, retail and wholesalers, consumers, policymakers and also state control authorities. Therefore, this area of research is important in agribusiness and a deeper view on the impact of market structure development on the price levels and performance of agribusiness enterprises in the long run would be interesting.
